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Chapter V-5
Navigation Projects

V-5-1. Project Assessment and Alternative Selection
a. Introduction

(1) Purpose. The purpose of this chapter is to present information and procedures that help in coastal
navigation project planning and design. Both deep-draft ports and small boat harbors are included.
Navigation channels, turning basins, anchorage areas, and related structures are discussed. Other areas of port
and harbor design, such as docks, facilities, terminals, and other land-side requirements, are not included.
These areas are generally nonfederal concerns.

Guidance for navigation projects has traditionally been focused on deep-draft project requirements. Modified
guidance based on experience has evolved for shallow-draft projects. This chapter follows a similar
philosophy, focusing on deep-draft projects with supplementary material for shallow-draft projects, as
appropriate. The chapter provides fairly comprehensive coverage, but it is intended to complement, rather
than replace, Engineer Manuals 1110-2-1613, “Hydraulic Design Guidance for Deep-Draft Navigation
Projects” (USACE 1998), and 1110-2-1615, “Hydraulic Design of Small Boat Harbors” (USACE 1984).

(2) Contents. This section gives an overview of issues and considerations important in assessing
navigation projects and in defining and selecting project alternatives. Since navigation projects are designed
to satisfy requirements of a target group of vessels, an understanding of vessel types and behavior is given
in Part V-5-2. Determination of design vessel and transit conditions is also discussed. Data needs and
sources are reviewed in Part V-5-3, with appropriate reference to other CEM chapters. Part V-5-4 is devoted
to a brief discussion of economic analysis, which is crucial to every navigation project. Development of
navigation project features is addressed in Parts V-5-5 through V-5-8. Features included are channel depth,
width, and alignment, turning basins, anchorage areas, navigation-related structures, and aids to navigation.
Post-project activities are discussed in Part V-5-9, including operation, monitoring, and maintenance.
Part V-5-10 gives a description of physical and numerical modeling tools and specialized field studies which
can assist in planning and designing effective navigation projects. A number of specific project examples
are presented to illustrate the capabilities and applications of model and field studies. References are given
in Part V-5-11.

(3) Relationship to other chapters and parts. Part V provides general guidance on the Planning and
Design Process (Part V-1) and Site Characterization (Part V-2), including data needs and sources and
monitoring. Part V also contains chapters with more detailed guidance on particular project types frequently
encountered in the U.S. Army Corps of Engineers (USACE). This chapter addresses navigation projects.
Part V-6, Sediment Management at Inlets/Harbors, is an important complement to this chapter. It deals with
sediment processes in the vicinity of inlets and harbor entrances, engineering methods for managing sediment
processes to prevent negative project impacts and/or achieve positive benefits, and project experience and
lessons learned. Other chapters of particular relevance are Part II-6, Hydrodynamics of Tidal Inlets; Part I1-7,
Harbor Hydrodynamics (including a section on vessel interactions); Part II-8, Sources of Coastal Engineering
Information for Hydrodynamics; and Part VI, Design of Coastal Project Elements, which provides guidance
for the detailed structural design needed for navigation and other coastal projects. A number of appendices
in Part VII provide additional detail on tools discussed in this chapter. Appendix VII-4, Dredging and
Dredged Material Disposal, is especially relevant, since these are major costs in most navigation projects.

Navigation Projects V-5-1
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b. Port and harbor facility issues

(1) Motivation. Ports and harbors are vital to the nation. Since ports handle about half of U.S. overseas
trade by value and nearly all by weight, waterborne commerce directly affects prosperity and richness of life
in the United States. Ports and harbors are also vital for military applications because a large percentage of
military goods are transported by ship. Finally, harbors provide launching and berthing facilities for
commercial fishing boats and a large number of recreational boaters.

(a) The term harbor describes a relatively protected area accessible to vessels. The term port indicates
a location where ships can transfer cargo. A port may be located in a protected harbor or it may be exposed,
such as single-point mooring facilities used for petroleum products.

(b) Ports and harbors must be located so that vessels can penetrate coastal waters and interface with land.
Ideally, vessels have a relatively short travel distance between port/harbor areas and open water. Vessels
must have sufficient water depth and protection to safely enter and exit the harbor/port area. Thus, a well-
maintained, clearly identified channel through any shallow areas is needed.

(c) The requirements for access and protection in harbors and ports often lead to dredged channels and
engineered structures, such as jetties and breakwaters. These project features can impact dynamic coastal
processes and lead to a range of coastal engineering concerns.

(2) Deep- versus shallow-draft projects. The terms deep-draft and shallow-draft are often used to
distinguish between major commercial port projects and recreational or other small boat harbor projects.
USACE definitions for these terms are based on authorized navigation project depth:

*  Deep draft Channel depth greater than 4.6 m (15 ft)
* Shallow draft Channel depth less than 4.6 m (15 ft)

Defining depth for a deep-draft harbor can vary with context. For example, Federal cost-sharing rules are
based on a 6.1-m (20-ft) minimum depth for deep-draft projects. The harbor maintenance tax system is
applied to projects with depth greater than 4.3 m (14 ft), while inland fuel taxes apply in shallower-depth
projects, excluding entrance channels. Deep-draft U.S. ports serve commercial seagoing ships, Great Lakes
freighters, Navy warships, and Army prepositioning ships. Shallow-draft harbors typically serve pleasure
craft and fishing boats. The term small craft is often used synonymously with shallow draft. As part of its
mission, USACE has had responsibility for maintaining over 200 deep-draft coastal ports and over 600
shallow-draft harbors. Issues involved in shallow-draft navigation projects have similarities but also
significant differences from those in deep-draft projects. For example, shallow-draft boats are typically small
and are strongly influenced by wind waves and swell. Thus, wave criteria for safe transit of entrance
channels and safe mooring areas are more demanding than for deep-draft vessels. However, large ships
typically maneuver with difficulty in confined areas, and channel width is a critical component of deep-draft
channels. Deep-draft harbors are more prone to harbor oscillation concerns because resonant periods of
moored ship response are typically in the same range as harbor oscillation periods. Flushing is an important
issue in many shallow-draft harbors, where numerous users in a confined area can potentially lead to
deterioration of water quality. Flushing is usually less critical in deep-draft projects, which require wider
entrances and more careful monitoring of vessel discharges. These issues are addressed later in the chapter.

(3) Organizations related to navigation projects. USACE navigation projects involve other organizations,

as well. For example, the U.S. Coast Guard is responsible for installing and maintaining the aids to
navigation needed to mark Federal channels. Often state and local organizations, such as port authorities, are

V-5-2 Navigation Projects
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part of anavigation project team. Some organizations and acronyms often encountered in navigation projects
as team members or information resources are listed in Table V-5-1.

Table V-5-1

Organization Acronyms Related To Navigation Projects

Acronym Organization

AAPA American Association of Port Authorities

ABS American Bureau of Shipping

ASCE American Society of Civil Engineers

EPA U.S. Environmental Protection Agency

NAVFAC U.S. Naval Facilities Engineering Command

NOAA U.S. National Oceanic and Atmospheric Administration

PIANC International Navigation Association (formerly, Permanent International Association of Navigation
Congresses)

USACE U.S. Army Corps of Engineers

USCG U.S. Coast Guard

(4) Trends in port and harbor development. Demand for harbor and port facilities continues to increase
while coastal population and other utilization of the coast increases. These competing interests intensify
pressures to find mutually agreeable solutions to coastal land and water use. Annual foreign waterborne
tonnage (between U.S. and foreign ports) during the years 1987-1996 indicates a clearly increasing trend
(Figure V-5-1). Major U.S. ports continue to increase in size and serve larger ships. Dramatic increases in
container traffic and a recent trend for container ships to exceed Panama Canal size constraints have helped
fuel the need for deeper ports and expanded, modernized terminals. Open terminals and offshore ports have
helped accommodate large tankers and bulk carriers, in some markets.

(a) With pressure to serve larger ships, many U.S. ports are faced with costly infrastructure upgrades.
Deeper and wider channels, turning basins, and berthing areas are needed. Disposal of large quantities of
dredged material, which is often contaminated after many years of harbor operations, can be a major and
expensive problem. Dock bulkheads often need to be rebuilt to maintain structural strength in deeper water
and with likely higher design loads from ship berthing and apron cargo handling. Landside infrastructure
must be capable of efficiently handling cargo from larger ships. This requirement often leads to bigger gantry
cranes, single-purpose terminals, larger stockpiling areas, new rail facilities, etc.

(b) Demand for small-craft berthing space is also increasing, mainly to serve recreational boaters. Thus,

there is a continuing economic incentive for expansion of existing small-craft harbors and development of
new harbors.

Navigation Projects V-5-3
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Foreign Waterborne Imports and Exports
1987-1996*, Millions of Tons
1200
2
S 800
[
‘6
(2]
c
S
= 40
0
Year 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996*
® Total 891.0 | 9762 | 1037.9 | 1041.6 | 1013.6 | 1037.5 | 1060.0 | 1115.7 | 1147.4 | 1183.4
B Imports 507.7 | 549.9 | 5895 | 600.0 | 555.4 | 586.7 | 648.8 | 7195 | 672.7 | 7326
B Exports 3833 | 4263 | 448.4 | 4416 | 4582 | 450.8 | 411.3 | 396.2 | 474.7 | 450.8
|*Preliminary October 1997

Figure V-5-1.

V-5-4

c. Preliminary planning and design elements.

Foreign waterborne imports and exports (USACE Waterborne Commerce Statistics Center)

(1) Federal coastal navigation projects are focused on channels and maneuvering areas to allow vessels
to transit confined nearshore areas and use ports or harbors. Structures needed to accomplish navigation
objectives are also included. Preliminary planning and design may include the following considerations, most
of which are discussed in subsequent sections of this chapter:

(a) Site characterization.

(b) Design criteria.

(¢) Defining vessel

requirements.

(d) Entrance channel configuration.

(e) Inner harbor configuration.

(f) Navigation structures.

(g) Harbor and channel sedimentation and maintenance.

(h) Physical and numerical modeling.
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(2) Helpful supplementary references for deep-draft projects include McBride, Smallman, and
Huntington (1998); PIANC (1997a, 1997b, 1995); Tsinker (1997); Gaythwaite (1990); Turner (1984); Quinn
(1972); and U.S. Navy design manuals. For small-craft projects, references include ASCE (1994), Tobiasson
and Kollmeyer (1991), State of California (1980), and Dunham and Finn (1974). References with coverage
of both deep-draft and small-craft harbors include Herbich (1992) and Bruun (1990). U.S. Army guidance
for military ports is given by USACE (1983).

d. Policy considerations. Federal cost-sharing guidelines are a key concern in U.S. navigation projects.
Prior to 1986, the Federal Government paid 100 percent of costs for navigation channel deepening and
widening. Under present guidelines for commercial harbors, the nonfederal share of general navigation
feature construction costs is 10 percent for project depth not exceeding 6.1 m (20 ft), 25 percent for project
depth greater than 6.1 m (20 ft) but not exceeding 13.7 m (45 ft), and 50 percent for project depth exceeding
13.7 m (45 ft). The nonfederal sponsor must also pay: (1) an additional 10 percent of construction costs that
are cost-shared, and (2) for project depths greater than 13.7 m (45 ft), 50 percent of operation and
maintenance costs associated with general navigation features. For recreational navigation projects or
separable recreational elements of commercial navigation projects, the nonfederal share is 50 percent of
construction costs and 100 percent of operation and maintenance costs. Partnering between commercial,
recreational, and military interests should always be examined. Cost-sharing guidelines are fully described
by USACE (1996).

V-5-2. Defining Vessel Requirements
a. Deep-draft ships and shallow-draft vessels.

(1) Vessel dimensions. Navigation projects are designed to accommodate vessels of a desired size. Key
vessel dimensions are length, beam (width), and draft. These dimensions are defined in several different ways
to characterize the curved, three-dimensional vessel form. Vessel dimensions, especially for commercial
ships, are often presented in terms of standard acronyms defined in Table V-5-2. Terms are explained in the
following paragraphs.

(a) The shape of a typical commercial ship is depicted in Figure V-5-2. The LOA is an important
measure of length for evaluating ship clearances in confined navigation project areas. For example, a turning
basin would be sized based on the design ship LOA. The LBP is a more meaningful measure of the effective
length for concerns such as ship displacement and cargo capacity.

(b) Definitions of design draft, freeboard, and beam are illustrated in Figure V-5-3. Molded beam is the
maximum width to the outer edges of the ship hull, measured at the maximum cross section (usually at the
ship waterline at midship). Design draft is the distance from the design waterline to the bottom of the keel.
Ship depth is a vertical dimension of the hull, as shown in the figure, and it should not be confused with ship
draft.

(c) Draft may not be uniform along the vessel bottom for both deep- and shallow-draft vessels. For
example, draft near the vessel stern (aft) is often greater than near the bow (fore). Two useful indicators of
such variations are:

trim - difference in draft fore and aft

list - difference in draft side to side
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Table V-5-2

Acronyms Commonly Used to Describe Ship Size and Function
Acronym Explanation

LOA Length overall

LBP Length between perpendiculars (measured at DWL)
LWL Length along waterline (usually similar to LBP)

DWL Design waterline (usually represents full load condition)
B Beam (maximum width of ship cross section)

D Draft

D, Depth of vessel’s hull

FB Freeboard (=D, - D)

DT Displacement tonnage (fully loaded)

I.t. Long ton; = 1016 kg (2240 pounds)

m.t. Metric ton: = 1000 kg (2205 pounds); = 1 I.t.

LWT Lightship weight (empty)

DWT Dead weight tonnage (= DT - LWT)

GRT Gross register ton; 1 register ton = 2.83 cu m (100 cu ft) of internal space (may also be stated in cubic meters)
GT Gross ton

NRT Net register ton

NT Net tons

OBO Ore/bulk/oil combination carrier

TEU 20-ft equivalent units; standardized 6.1 m x 2.4 m x 2.4 m (20 ft x 8 ft x 8 ft) container units

(d) Maximum navigational draft (the extreme projection of the vessel below waterline when fully loaded)
is needed for navigation channel depth; mean draft is preferred for hydrostatic calculations. Waterline beam
(width of the vessel at the design or fully loaded condition) is needed for navigation channel width.

(¢) Maximum dimensions of the above-water part of a vessel are also critical to ensure adequate
clearance. Maximum beam is the extreme width of the vessel. For a vessel such as an aircraft carrier,
maximum beam is much larger than waterline beam. Lightly loaded draft is the minimum vessel draft for
stability purposes, from which vertical clearance requirements, such as clearance under bridges, can be
determined.

(2) Cargo capacity. Cargo capacity of commercial ships is generally indicated by DWT or, in the special
case of container ships, by TEU. Units of measure for weight are usually long tons or metric tons
(Table V-5-3). Cargo capacity also provides a convenient indicator of ship size, since ship dimensions for
a particular type of ship (e.g. tanker) are usually closely correlated with capacity.

(a) Port duties and shipping costs are often figured in terms of register tons, a measure of volume. The
GRT indicates total internal volume of the ship; NRT indicates volume available for cargo. The GRT is equal
to NRT plus volume of space devoted to fuel, water, machinery, living space, etc. The terms GRT and NRT
are currently used for older ships, but the terms GT and NT are favored for newer ships. The LWT
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is the minimum weight a ship can have, such as the weight to be supported in dry dock. In operation, even
unloaded ships rarely reach the LWT, as they often take on water, or ballast, to increase stability.

(3) Restrictions. Canal and lock sizes can impose distinct restrictions on ship size. The Panama Canal
and Suez Canal are the two most critical for oceangoing traffic (Table V-5-3). Ships sized to meet the
Panama Canal restrictions are known as Panamax vessels. They constitute an important vessel class for
navigation projects because many commercial ships fit within the confines of the Panama Canal. Economics
associated with some cargos, most notably crude oil, have resulted in ships that cannot pass through the canal.
These ships are sometimes referred to as Post-Panamax vessels.

Table V-5-3
Canal Restrictions on Ship Size
Restriction
Canal Draft Beam Length
Panama 12.0 m (39.5 ft) 32.2 m (105.75 ft) 289.6 m (950.0 ft)
Suez 16.2 m (53.0 ft) 64.0 m (210 ft) No restriction

(4) Vessel characteristics. Vessels cover a wide range of sizes and shapes. Deep-draft vessels, especially
the larger ships that typically dictate navigation project dimensions, may represent a small number of specific
ship designs to serve specialized needs and routes. Therefore, deep-draft vessel characteristics are usually
presented as a sampling of individual, named vessels. Characteristics of some representative large ships from
the world merchant fleet are given in Table V-5-4. Most U.S. ports have controlling depths between 10.7 m
(35 ft) and 12 m (40 ft). The deeper ports can accommodate Panamax vessels, but access by larger ships is
limited. Common vessel types are briefly reviewed in the following paragraphs. In contrast to deep-draft
projects, shallow-draft vessels are usually numerous and their characteristics can be discussed in statistical
terms. Also, other factors besides individual vessel characteristics, such as volume of traffic, may be critical
to a shallow-draft navigation project.

(a) Tankers carry liquid bulk products. Crude oil is by far the most common liquid bulk cargo.
Economies of scale have strongly affected tanker design because of the volume and uniformity of product
and consistent level of demand. Large tankers are often classified by size (Table V-5-5). The larger vessels
far exceed Panamax size, but most can use the Suez Canal in ballast. Loaded tankers less than about
50,000 DWT require a draft of 12 m (40 ft) or less and can enter many U.S. harbors. Supertankers can use
partial loading and/or tidal advantage to access U.S. harbors. Navigation projects in the United States
generally cannot accomodate the drafts of loaded VLCC and ULCC class tankers. The largest tankers, too
big to enter any of the major world ports, ply dedicated trade routes between offshore port facilities.

(b) Liquid Natural Gas (LNG) and Liquid Propane Gas (LPG) carriers have a highly volatile cargo at
very low temperature. They require highly specialized terminals and special safety considerations.

(¢) Dry bulk carriers carry a wide range of cargoes such as ore, coal, and grain. Size is generally less
than 150,000 DWT.

(d) Combination bulk carriers are specially configured to carry both liquid and dry bulk cargo. The most
common combination is ore/bulk/oil, or OBO. Vessel size ranges from 50,000 DWT to 250,000 DWT.

(e) General cargo ships carry a wide variety of cargoes packaged in the form of pallets, bales, crates,
containers, etc. Break-bulk cargo refers to individually packaged items that are stowed individually in the
ship. Size is typically 12,000 to 25,000 DWT.
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Table V-5-4
Characteristics of Large Ships
Length Beam Draft
Dead-weight
Name Tonnage m ft m ft m ft
Tankers
Pierre Guillaumat 546,265 414.23 1,359.00 62.99 206.67 28.60 93.83
Nisseki Maru 366,812 347.02 1,138.50 54.56 179.00 27.08 88.83
Idemitsu Maru 206,000 341.99 1,122.00 49.81 163.42 17.65 57.92
Universe Apollo 114,300 289.49 949.75 41.28 135.42 14.71 48.25
Waneta 54,335 232.24 761.92 31.70 104.00 12.22 40.08
Olympic Torch 41,683 214.76 704.58 26.92 88.33 12.09 39.67
Ore Carriers
Kohjusan Maru 165,048 294.97 967.75 47.02 154.25 17.58 57.67
San Juan Exporter 104,653 262.00 859.58 38.05 124.83 15.44 50.67
Shigeo Nagano 80,815 250.02 820.25 36.86 120.92 13.23 43.42
Ore/Oil Carriers
Svealand 278,000 338.18 1,109.50 54.56 179.00 21.85 71.67
Cedros 146,218 303.51 995.75 43.38 142.33 16.74 54.92
Ulysses 57,829 241.86 793.50 32.39 106.25 1217 39.92
Bulk Carriers
Universe Kure 156,649 294.67 966.75 43.33 142.17 17.45 57.25
Sigtina 72,250 250.02 820.25 32.28 105.92 13.36 43.83
Container Ships
Sally Maersk (6600 TEU) 104,696 347. 1138. 43. 141. 14.5 47.5
Mette Maersk (2933 TEU) 60,639 2941 964.9 323 106.0 13.5 443
Korrigan (2960 TEU) 49,690 288.60 946.83 32.23 105.75 13.01 42.67
Kitano Maru (2482 TEU) 35,198 261.01 856.33 32.26 105.83 11.99 39.33
Encounter Bay (1530 TEU) 28,800 227.31 745.75 30.56 100.25 10.69 35.08
Atlantic Crown ( TEU) 18,219 212.35 696.67 27.99 91.83 9.24 30.33
Ocean Barges
SCC 3902 50,800 177.45 582.17 28.96 95.00 12.22 40.08
Exxon Port Everglades 35,000 158.50 520.00 28.96 95.00 9.60 31.50

(Continued)
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Table V-5-4 (Concluded)

Length Beam Draft
Dead-weight
Name Tonnage m ft m ft m ft
Passenger/Cruise Ships
Voyager of the Seas 142,000 (DT) 310.50 1,018.70 48.00 157.48 8.84 29.00
Grand Princess 101,999 (DT) 285.06 935.24 35.98 118.04 8.00 26.25
Imagination 70,367 (DT) 260.60 854.99 31.50 103.35 7.85 25.75
Table V-5-5
Large Tanker Classes
Name Approximate Size Approximate Draft
Supertanker 50,000-150,000 DWT 11-18 m (35-60 ft)
Very Large Crude Carrier (VLCC) 150,000-300,000 DWT 18-24 m (60-80 ft)
Ultra Large Crude Carrier (ULCC) Greater than 300,000 DWT 24-30 m (80-100 ft)

(f) Container ships are designed to carry cargo packaged in standardized steel container boxes. These
ships, increasingly dominant in world trade, travel at high speed, and rely on fast turnaround times at port.
Container ship speed and size are correlated. The larger container ships cruise at speeds of 46 km/hr
(25 knots). Capacity is expressed in twenty-foot equivalent units (TEU), the number of 20-ft-long containers
that can be carried. Ships with 4,000-TEU capacity reach loaded drafts of about 12 m (40 ft). Until fairly
recently, container ship sizes were constrained by the Panamax limit. Since economics of shipping and
terminal facilities have favored a Post-Panamax size, container ships have rapidly increased in scale. The
largest container ships in present operation exceed 8,000 TEU, and have limited access to U.S. ports. Vessels
of 15,000 TEU are under consideration. These Post-Panamax ships have necessitated new, longer-reach
gantry cranes and other new or updated terminal facilities to handle the longer, wider ships and large volumes
of cargo.

(g) Other vessel types include: LASH (Lighter Aboard Ship), SEABEE, and BARCAT vessels, designed
to transport barges; Ro/Ro (Roll on/Roll off) carriers, essentially large, oceangoing ferries that load and
unload wheeled cargo (trailers and/or vehicles) via ramps extending from the vessel; conventional ferries;
passenger vessels; barges; etc. The Integrated Tug/Barge (ITB) is a special adaptation of barge design in
which the barge resembles a vessel hull and a tug can be linked to the barge stern to form, in effect, a single
vessel. ITB applications are usually dry and liquid bulk cargo transport.

(h) U.S. military vessels generally have maximum drafts of less than 12 m (40 ft). Nimitz class aircraft
carriers have maximum draft of 12.5 m (41 ft). U.S. Navy vessel characteristics are available on the Internet
(http://www.nvr.navy.mil) and in the NAVFAC Ships Characteristics Database soon to be on the Internet.

(i) Shallow-draft vessels are typically recreational or small fishing vessels. Recreational boats in the
United States can range in length from about 3.6 m to 60 m (12 ft to 200 ft), but they are commonly 9-14 m
(30-45 ft) in length with beams of 4.6 m (15 ft) or less. Recreational boats often have features protruding
from the bow or stern. Although such features may not be included in the nominal boat length, they should
be considered as needed in sizing harbor channel and dock clearances. Shallow-draft vessels may be driven
by either engine power or sail. In comparison to powerboats, sailboats have narrow beam and require large
maneuvering space when under sail.
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(5) Form coefficients. Vessel shape is conveniently represented in terms of simple parameters known
as form coefficients. The most important of these is the block coefficient, defined and illustrated in
Figure V-5-4. This coefficient usually represents the fully loaded ship. Values of the block coefficient can
normally range from around 0.4 for tapered-form, high-speed ships, such as container ships and passenger
ferries, to 0.9 for box-shaped, slow-speed ships, such as tankers and bulk carriers. Small craft, sailboats, and
power boats, respectively, represent forms with relatively low and high block coefficient.

Block coefficient definition

Block coefficient (CB] = Ratio of the volume of
displacement to the volume of a rectangular block having
a length, beam, and draft equal fo that of the ship.

\Y

Co= g

L = Length between perpendiculars
T = Draft to the designed waterline, or molded ship draft

B = Beam amidships at the designed waterline, or molded beam
V = Volume of displacement of molded ship form at draft T

Figure V-5-4. Block coefficient definition

(6) Ship speed. Typical transit speeds in deep-draft channels are between 9 and 18 km/hr (5 and
10 knots). Vessel speed in navigation projects often represents a balance between several important
considerations, as follows:

(a) Considerations favoring higher vessel speed:

»  FEconomics. Vessel productivity increases when transits are faster; loaded vessels may be able to use
high tide levels to advantage.

*  Vessel control. Vessel control in the presence of wind, waves, and/or currents improves when vessel
speed is higher.

*  Convenience. Particularly for small craft, operators and passengers usually prefer quick transits.
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(b) Considerations favoring lower vessel speed:

o Wake effects. Vessel wakes, directly related to vessel speed, can endanger other vessels and
operations and erode banks.

*  Reduction of bank and bottom effects, ship resistance, ship-ship interactions. Vessels may need to
limit speed to avoid creating dangerous, speed-induced pressure differences. The effects are due to
constricted clearance between the vessel and other obstacles, such as the bottom, side banks, another
vessel in transit, and moored vessels.

* Safety. Aslong as vessels maintain adequate control, lower speeds are generally safer. Typically,
vessel speed relative to the water must be at least 4 knots for both deep-draft vessels and small craft.

(7) Maneuverability. Commercial ships are designed primarily for optimum operation in the open ocean.
Many of them maneuver poorly in confined areas. A successful navigation project must accommodate the
ships using it. Ships are controlled by propellers and rudders at the stern. Some ships are also equipped with
bow thrusters or bow and stern thrusters, which aid in control, especially at low speeds. Often, one or more
tugs are needed to assist ships in some phases of entering and leaving a port. Control is especially crucial
when ships slow to turn, dock, or attach tugs. A navigation project objective is to design ports and approach
channels so ships can maintain adequate speed and control and navigate under their own power as much as
reasonably possible. Small craft generally respond to engine, sail, and rudder control much more readily than
deep-draft vessels. However, as with deep-draft vessels, small craft can encounter conditions in which control
is difficult. Factors contributing to loss of control include slow vessel speed, following currents, waves, and
cross-wind. Sailboats traveling under sail require extra maneuvering space.

b. Vessel operations. Deep-draft navigation projects are built or improved to enhance safety, efficiency,
and productivity of waterborne commerce in U.S. ports and harbors. Shallow-draft projects embody similar
concerns and often public recreational access as well. An understanding of vessel operations is critical to
successful navigation project design.

(1) Navigation system. Port and harbor operations can be viewed as a system with three main
components, as follows:

»  Waterway engineering: Navigation channels, environmental factors, dredging and mapping services,
shore docking facilities.

*  Marine traffic: Operational rules, aids to navigation, pilot and tug service, communications, and
vessel traffic services.

*  Vessel hydrodynamics: Vessel design, maneuverability and controllability, human factors, navigation
equipment.

(a) These components are closely interrelated in a navigation project. Tradeoffs between investment in
the components are normal procedure, particularly in deep-draft projects. Thus, for example, channel design
is strongly influenced by ship sizes and available accuracy of aids to navigation.

(b) Overall economic optimization of a navigation system can be a complex process. It typically involves
crucial tradeoffs between initial investment (e.g. channel dimensions), maintenance, and operational use. For
example, a channel that is wide enough for two-way traffic will cost more to dredge and, possibly, to maintain
than a one-way channel of the same depth. However, the two-way channel may significantly reduce the
amount of time ships must queue while waiting for access to the channel.
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(2) Typical operations. Methods of operation must be considered in developing a navigation project.
For deep-draft ships, operations depend on interactions between a pilot, captain, crew, and, often, one or more
tug captains. On arrival at the entrance to a port, a ship typically is met by a local pilot. The pilot boards the
ship near the seaward end of the entrance channel. Boarding is usually accomplished by pulling a small pilot
boat next to the ship long enough for the pilot to mount a rope ladder and climb up to the ship deck, a
potentially hazardous maneuver during high waves. Local tug services are contacted if needed, and plans
finalized for the ship transit. Many tug companies also provide a tug pilot to accompany the local pilot and
assist in the tug-aided final phase of transit and docking.

(a) The pilotis stationed on the ship bridge. The pilot effectively takes control of the ship during transit,
issuing rudder and engine commands as well as course orders. Transit to a port generally follows a series of
straight segments connected by turns. Turn angles greater than about 30 deg require special care because they
involve varying currents and changing ship speed and position relative to banks and prevailing wind. Port
entrance channels can be especially troublesome due to crosscurrents, waves, shoaling, and wind effects.

(b) A large ship in a confined channel can be difficult to control because ships do not respond quickly
to rudder and engine commands. Turning may be sluggish. Bank effects and encounters with passing ships
can introduce forces to turn the ship away from the intended travel direction. Such factors, along with human
and environmental variability, result in variations in a ship’s swept path (the envelope of all positions in the
channel over which some part of the ship has passed). The swept path is illustrated by a ship simulator study
example of ship position at short time increments during transit around a turn, up a channel, and through a
turning basin to a dock (see Part V-5-10b for additional discussion of this simulation study) (Figure V-5-5).

(¢) The ship must slow down well before approaching the berth or terminal, usually with the assistance
of tugs when ship control is lost (at speeds below 6-7 km/hr or 3-4 knots). Often, the ship must pass other
port facilities at very slow speed to prevent waves and moored vessel damage. As the ship approaches its
berth, tugs typically take full control and push the ship against the dock face while mooring lines are made
fast. When the ship departs, operations during a typical outbound run are similar to the inbound run, except
in reverse sequence.

(d) Pilots and captains take care to avoid contact between the ship and bottom. However, ship motions
and bottom conditions are not entirely predictable, and bottom contact occasionally occurs. Typical
consequences are hull abrasion and propeller and rudder damage. Propeller/rudder damage reduces or
removes ship control, leaving the ship vulnerable to further damage. It is also costly to repair. Therefore,
pilots tend to be very protective of the ship stern when maneuvering in confined channels and turning basins.

(e) Ships may transit in fully loaded, partially loaded, or in ballast condition. The loading condition
influences operational concerns. A fully loaded ship has a relatively large fraction of its volume submerged.
Hence it is susceptible to currents, shoals, and other bottom influences. A ship in ballast generally has
generous bottom clearance, but has a relatively large exposure to wind forces. Some types, including
container ships, ferries, and Ro/Ro vessels, have large wind exposure, even in a loaded state.

(f) Sometimes ships approach port with loaded drafts greater than the channel depth, stop in an

anchorage area, and offload to smaller vessels (/ighters). Ships may fully unload to lighters or partially
unload to reach an acceptable draft, after which they continue into port.

Navigation Projects V-5-13



EM 1110-2-1100 (Part V)
31 Jul 2003

«CHANNEL MARKERS

SHIP TRACK PLOT, INBOUND

0 1000 2000 3000 EXISTING COMDITION, EBB TIDE
el nhielnnog) 773-FT X 106-FT BULK CARRIER
SCALE IN FEET PILOT 3

Figure V-5-5. Example ship track, Alafia Channel, Florida

(g) Deep-draft entrance and interior channels are designed for either one-way or two-way traffic. When
a ship is entering a port with a one-way channel, any outbound ships must wait until the channel is clear.
Two-way channels may accommodate inbound and outbound traffic simultaneously. They may also provide
generous horizontal clearance for single ships when passing ships are absent.

(h) For small craft, operational concerns can vary significantly depending on the type of harbor. Small
craft travel under their own power, controlled by an operator whose level of expertise and experience can
range from novice to seasoned professional. Power boats are typically driven by one or two engines.
Sailboats may be equipped with small auxiliary engines for transiting congested harbor areas and for
emergency use, but they usually travel under wind power. Depending on wind speed and direction relative
to desired travel direction, sailboat operators often must follow a zig-zag course. Small craft operators may
take advantage of bays and other protected areas for fishing, sailing, etc., when available, especially if waves
along the open coast are rough.

(1) Small craft typically exit the harbor for fishing and/or recreation and return to the same harbor, often
on the same day. The number of vessels concurrently using a small-craft harbor during high traffic times can
be greater than for deep-draft ports. Level of usage is often affected by holidays, weather, fishing or charter
schedules, work schedules, etc. For example, a recreational harbor can be expected to have a higher volume
of traffic during fair weather and weekend or holiday times. These same conditions are likely to result in a
greater percentage of inexperienced operators and, possibly, a lower level of attention to navigation safety.

(3) Shallow-water, restricted channels. Vessels operating in restricted navigation channels can experi-
ence a variety of effects (Figure V-5-6). Large, loaded ships can block much of the channel cross section
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Figure V-5-6. Ship wave and flow pattern in a canal

and encounter very significant hydrodynamic resistance. Much of the water in the channel cross section must

flow around the passing ship through highly confine

d space under the hull and between the hull and channel

side slopes. Also, the ship experiences resistance due to the waves it creates as it moves forward.

(a) A moving vessel in a shallow waterway drops in the water relative to its at-rest level. The drop,
referred to as squat, is due to a reduction in pressure exerted by water flowing around the moving vessel.
Squat includes an overall lowering of the vessel (sinkage) and a motion-induced trim. Squat further reduces

clearance between the vessel hull and the bottom.

(b) The maximum speed a vessel can attain in

shallow water is significantly reduced from the typical

deepwater speed. An important parameter governing shallow-water effects on a moving vessel (both deep-
and shallow-draft vessels) is the depth Froude number

Navigation Projects
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where
F, = channel depth Froude number

V= vessel speed

h

depth of channel or shallow-water area

g = acceleration due to gravity; = 9.80 m/sec” (32.2 ft/sec?)

(c) Consistent units must be used for V, £, and g in the equation. Vessel resistance becomes very high
as F, approaches unity. In practice, a normally self-propelled merchant ship would never operate at /), greater
than about 0.6.

(d) The effect of a restricted, shallow channel configuration is to further increase wave effects, squat,
and vessel resistance. Relative channel restriction is characterized by the channel blockage ratio

B, = Ac (V-5-2)
y
where
B, = channel blockage ratio
A, = channel cross-section area

Ay = vessel submerged cross-section area, = BT

o]
|

= vessel beam at midship

T

vessel draft

(e) The channel blockage ratio is illustrated in Figure V-5-7 for the extreme case of a canal with vertical
sides. In this case, 4. = Wh, where W is channel width. The limiting ship speed for self-propelled vessels
in a canal, represented as F),, is shown as a function of B, in Figure V-5-7. Typical B, values range from 2
for very restricted cases to 20 or more for open channels, giving F), values between 0.2 and 0.7. This effect
significantly limits vessel speed in restricted channels. The limit is known as the Schijf limiting speed. For
example, with B, = 3 at a 12-m (40-ft) water depth, the maximum ship speed is 11.9 km/hr (6.4 knots). In
practice, a ship’s engine would not have enough power to drive the ship at the Schijf limiting speed.

(f) Bank effects in a channel can make ship control more difficult by creating suction and/or higher
pressures along vessel hulls when vessels are off the channel center line. Forces may differentially affect
vessel bow and stern and act to turn the vessel toward a potentially hazardous crosswise position relative to
the channel. Bank effects become stronger as channel overbank depths (water depth of the natural bottom
adjacent to the channel) decrease. Pilots sometimes take advantage of bank effects to assist in turning.
Similar differential pressure effects arise when ships pass in a channel and when a ship passes a moored ship
adjacent to the channel.
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Figure V-5-7. Ship-limiting speed in a canal
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(4) Ice navigation. Winter conditions along northern sea coasts, estuaries, and large lakes can cause ice
to be an occasional, if not chronic, concern for safe and efficient navigation (PIANC 1984, USACE 1990a).
About 42 percent of the earth experiences temperatures below freezing during the coldest month of any year
(Figure V-5-8). The presence of ice is accompanied by longer nights and increased fog and precipitation
(Figure V-5-9). Shipboard mechanical equipment, instruments, and communications apparatus are less
efficient and more prone to failure in cold temperatures. Aids to navigation become less effective, and
maneuvering in ice is much more difficult. Navigation projects in northern areas should be designed with
consideration of these difficult conditions.

(a) Sea ice nomenclature and map notation symbols are defined by the World Meteorological
Organization (WMO 1970). Ice thickness and structure are key concerns. Multi-year ice, sea ice more than
1 year in age, can be over 3 m thick, but it is found only in the Arctic Ocean and its marginal seas and near

Antarctica.
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Figure V-5-8. Cold regions of the world

Figure V-5-9. Fog over frozen waterway (photograph, courtesy of Orson P. Smith, University of Alaska,
Anchorage, Alaska)
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First-year ice is generally classified as young ice (0-10 cm), thin (10-30 cm), medium (30-70 cm), or thick
(70-120 cm).

(b) Ships that regularly navigate icy waters must have exceptional structural strength and propulsion
power for safety of the crew, equipment, cargo, and environment. Special hull, propeller, and rudder designs
reduce resistance and help clear lanes. Icebreakers may be needed to escort ice-strengthened cargo vessels
or to periodically clear shipping routes. Shallow- and deep-draft ice-strengthened ships are in service around
the world, classified for ice navigation by the ABS or several other agencies in Canada, Russia, and Europe.

(c) Factors to be considered for ship operation in ice rather than temperate conditions are:
*  Ship maneuverability is retarded.

» Ice forces can divert ships from their intended course.

*  Darkness is more common.

*  Low visibility is more common (fog and precipitation).

*  Winds can be very strong.

*  Visual aids to navigation are less effective.

»  Shipboard instruments are more prone to malfunction.

»  Assistance or rescue by tugs is more difficult.

*  Crews are more strained and fatigued in the face of these challenges.

¢. Design considerations. Deep-draft navigation projects are typically formulated to provide safe and
efficient passage for a selected ship under specified transit conditions. The design ship and transit conditions
may be selected to represent the “maximum credible adverse situation,” the worst combination of conditions
under which the project would be expected to maintain normal operations. A project that successfully
accommodates this situation can be expected to perform well with a full range of smaller ships and less
difficult transit conditions. If future needs require it, the project may also accommodate ships larger than the
design ship under milder transit conditions than the design scenario. Shallow-draft navigation projects are
designed to safely accommodate the variety of small craft anticipated during the project design life, typically
around 50 years.

(1) Design vessel. For deep-draft projects, the design ship or ships are selected on the basis of economic
studies of the types and sizes of the ship fleet expected to use the proposed channel over the project life. The
design vessel or vessels are chosen as the maximum or near maximum size ships in the forecast fleet based
on the characteristics (length, beam, draft) of the ships being most representative of the potential economic
advantage to be found in the forecast ship fleet.

(a) For small craft projects, the design vessel or vessels are selected from comprehensive studies of the
various types and sizes of vessels expected to use the project during its design life. Often, different design
vessels are used for various project features. For example, sailboats, with relatively deep draft, may
determine channel depth design; and fishing boats, with relatively wide beam, may dictate channel width
design.
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(2) Design transit and mooring area conditions. Operational conditions selected for design can strongly
affect a navigation project. A deep-draft project should be designed to allow the design ship to pass safely
under design transit conditions. Normally, extreme events are not considered in specifying design transit
conditions. Ship operators can usually suspend operations during these rare events without undue hardship.
Some important exceptions for which extreme events may need to be considered include ships under
construction or in repair facilities, inactive vessels, and USCG vessels.

(a) Operational factors to be specified for design transit include:

*  Wind, wave, and current conditions.

*  Visibility (day, night, fog, and haze).

*  Water level, including possible use of tidal advantage for additional water depth.
» Traffic conditions (one- or two-way, pushtows, cross traffic).

*  Speed restrictions.

* Tug assistance.

*  Underkeel clearance.

e Jce.

(b) The use of tidal advantage in specifying design transit conditions allows for reduced channel depth,
since the design ship would be constrained to transit during a high tide level. Channel length and vessel speed
determine vessel transit time. The channel must provide the necessary water depth during at least the transit
time period. Iftidal advantage is included in design, the optimum design depth may be based on an analysis
of water level probabilities, costs (vessel delays, dredging and disposal, etc.), and benefits.

(¢c) Normal operational conditions are strongly influenced by individual, local pilot, and pilot association
rules and practices. For example, pilots usually guide a transit only when conditions allow adequate tug
assistance. There may be operational wind, wave, or current limitations on the ability to safely moor a ship
at a terminal or berth. Turning operations and maneuvering into a side finger slip may be limited by tide level
and current conditions, including river outflow. Energetic wave conditions at the seaward end of the entrance
channel may prohibit pilots from safely transferring between the pilot boat and ship. Such operational
limitations may well be controlling factors in determining whether or not a safe transit is possible, and
navigation project design should be consistent with these limitations.

(d) Design transit conditions for small-craft projects include vessel maneuverability (particularly if parts
of the project will accommodate vessels under sail), traffic congestion, wind, waves, water levels, and
currents. Design wave criteria are usually expressed as significant wave height, in probabilistic terms, for
the entrance and access channels and mooring areas. Typical criteria are:

*  Mooring areas: Significant wave height will not exceed 0.3 m (1 ft) more than 10 percent of the time.

*  Access channels: Significant wave height will not exceed 0.6 m (2 ft) more than 10 percent of the
time.

(e) Final design criteria for small-craft projects should be determined on the basis of economic
optimization of the complete project (Part V-5-4).
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V-5-3. Data Needs and Sources

a. Introduction. Planning and design of a navigation project are based on a wide range of information
about the project area. The necessary data and sources are briefly reviewed in this section. More detailed
information about data types and sources is given in Part V-2, “Site Characterization,” and Part II-8,
“Hydrodynamic Analysis and Design Conditions.”

b. Currents. Currents in navigation channels and other project features can strongly affect vessels.
Currents may also be important in navigation structure design. Currents of concern are usually tidal
circulations or river flows.

c. Water levels. Water levels are essential for determining design depth in channels and other
navigation areas. Water level variations are usually due to tides, river discharge, or lake levels. NOAA
predicts tides and tidal currents at primary reference stations by the method of harmonic analysis. Phase and
amplitude corrections to reference station predictions are available for many other secondary stations (NOAA
Tide Tables and Tidal Current Tables, annual). Interpolation between secondary stations is often practical,
if no major constrictions or confluences are present. Commercial software is available that can predict tides
at hourly intervals at secondary stations. A similar analysis can be performed by applying the methods of
Harris (1981).

d. Wind. Wind forces can strongly influence both vessels under way and moored vessels. Often an
airport wind station located in the general area of a project can be used as a source of representative wind
data.

e. Waves. Waves can have a major impact on navigation in exposed channels, particularly vertical
excursions of the vessel and channel depth requirements. Deep-draft vessels respond to wave periods
typically found in exposed ocean and Gulf of Mexico waters. Small craft respond to a wide range of wave
periods, and waves can be especially troublesome if they break in the channel. Waves are also important for
navigation structure design and for predicting channel shoaling.

f. Water quality. Water quality and potential changes in water quality may become issues for projects
creating more enclosed harbor areas, where circulation and flushing may be reduced as a result of the project.

g. Sediments. Sediment characteristics in project and adjacent areas are needed. Bottom materials in
any areas to be dredged are especially important. Sediment quality can dictate disposal options and costs
ranging from beneficial uses such as beach fill to confined or capped disposal of contaminated material.

h. Bathymetry and sediment transport processes. Bathymetry and sediment transport processes are
needed to determine baseline conditions, optimum project location, initial dredging quantities, channel
shoaling rate and maintenance needs, and potential project impact on adjacent shorelines. Methods for
predicting channel sedimentation are reviewed by Irish (1997).

i. Ecological processes. Navigation projects can have an impact on ecological processes. Baseline
conditions may need to be established.

j. Local coordination. Local people familiar with the project area and/or using an existing project
regularly can provide valuable insight about present conditions and impact of any modifications.

(1) Pilot interviews. Deep-draft navigation project planners/designers should develop strong
coordination with local pilot groups. Pilot interviews can be used to determine users’ opinions about existing
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channel navigation safety, suitability of design transit conditions, and feasibility and safety of proposed
channel design alternatives.

(2) U.S. Coast Guard. The local USCG office should also be contacted early in the project development
to solicit their views on channel dimensions and alignment for safe navigation. They can also provide
guidance on placement of aids to navigation.

(3) Accident records. Marine accident records are available from the USCG annual compilation of
casualty statistics in an automated system called Coast Guard Automated Main Casualty Data Base
(CASMAIN). Accident data on existing navigation channel projects proposed for enlargement or
improvement should be studied. USCG and National Transportation Safety Board special investigation
reports are available for some accidents, which can provide insight on navigation problems.

V-5-4. Economic Analysis

a. Anumber ofalternatives can usually be defined to meet navigation design requirements. Alternatives
should generally include a range of channel depths, since depth is one of the major cost-determining
parameters. For example, a proposed navigation channel may suffice for the design ship and design transit,
but lead to undesirable ship delays and queueing because of heavy ship traffic and limited channel capacity.
The adaptability of each alternative for meeting future navigation requirements should also be considered.
The final design is usually selected from among the alternatives to maximize economic benefits. USACE
navigation project evaluation procedures are described by USACE (1990b).

b. A complete design approach includes consideration and optimization of the full navigation system
described in Part V-5-2.b. The comprehensive design process, beyond the scope of this chapter, is discussed
by PIANC (1997a).

c. For economic optimization, the cost of each alternative design is estimated. Costs associated with
all the elements of developing and maintaining the project should be included. Normally, several alternative
channel alignments and widths, as well as depths, are represented. Navigation structures may also be part
of some or all alternatives. Costs include initial construction (dredging, dredged material disposal, aids to
navigation, breakwaters, jetties, etc.), replacement cost, and operation and maintenance.

d. Benefits for deep-draft projects are determined by transportation savings, considering ship trip time
(including loading/unloading time, which may include lightering), cargo capacity, and delays due to project
limitations. Benefits are evaluated by determining the transportation costs per ton of commodity for each
increment of channel depth. Transportation costs are based on ship annual operating cost for each type of
ship, including fixed cost and annual operating expenses. Data on ship operating costs are periodically
compiled by the USACE Water Resources Support Center. Benefits may result from:

(1) Use of larger ships.

(2) More efficient use of large ships.

(3) More efficient use of present ships.

(4) Reductions in transit or delay times.

(5) Lower cargo handling costs.
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(6) Lower tug assistance costs.

(7) Reduced insurance, interest, and storage costs.

(8) Use of water rather than land transport mode.

(9) Reduction of accident rate and cost of damage.
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e. The USACE evaluation procedure to estimate navigation benefits includes nine individual steps

(Figure V-5-10). Accurate projection of commodity movements over the proposed alternative project design
(steps 3 and 7) is key to evaluation. Details of the procedure are given by USACE (1990b).

1. DETERMINE
ECONOMIC STUDY AREA

2. IDENTIFY COMMODITY
TYPES, VOLUMES, AND
MOVEMENT

3. PROJECT FUTURE
WATERBORNE
COMMERCE

4. DETERMINE VESSEL
FLEET COMPOSITION
AND COST

5. DETERMINE
PRESENT COMMODITY
MOVEMENT COST

6. DETERMINE
ALTERNATIVE
MOVEMENT COST

7. DETERMINE
FUTURE COMODITY
MOVEMENT COST

8. DETERMINE HARBOR
USE WITH AND
WITHOUT PROJECT
IMPROVEMENT

9. COMPUTE NATIONAL
ECONOMIC DEVELOPMENT
(NED} BENEFITS

Figure V-5-10. Deep-draft navigation benefit evaluation procedure

/- Small-craft harbor projects follow a similar economic optimization procedure. Generally, several
entrance channel and basin configurations are identified as alternatives. The alternatives should provide
varying protection and accommodations so an optimal alternative can be selected. The cost for each
alternative is estimated, including initial cost, maintenance cost, and social and environmental aspects.
Benefits are also estimated. The alternative that maximizes net benefits (difference between benefits and
cost) is usually the preferred project plan. After the alternative with optimal level of protection and size has
been determined, then the most economical way of providing that protection and size should be developed.
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V-5-5. Channel Depth

a. Introduction. Channel depth is a key factor in the cost and usability of a navigation project. It should
be adequate to accommodate present and expected traffic. Typically it is chosen on the basis of economic
optimization. The design channel depth need not be constant throughout the project. It can, and often does,
vary in segments as needed to allow the design vessel or vessels to make safe and efficient transits in a cost-
effective project.

(1) Vessels navigating in shallow water encounter a variety of channel cross sections over the length of
a navigation project. Since channel cross section can significantly affect natural processes and vessel
behavior, it is useful to define characteristic types (Figure V-5-11). A canal has an enclosed cross section
with exposed land adjacent to both sides of the channel. A trench is a deepened passage with submerged
overbanks on either side. A fairway is a passage with no lateral constraints.
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Figure V-5-11. Definition of channel types

(2) Channel depth for both deep- and shallow-draft navigation projects may be determined by figuring
a depth increment for each of the important factors affecting vessel underkeel clearance requirements and
adding those to the design vessel draft (Figure V-5-12). This depth, required for safe vessel passage, provides
a basis for Congressional authorization of Federal channel depth, referred to as the authorized channel depth.
The dredged channel depth, or contract depth, generally exceeds the authorized depth to accommodate
potential sedimentation and maintain navigability. In some projects, consideration must also be given to the
permitted depth, the extreme dredging depth permitted by regulators. The same factors generally apply for
both deep- and shallow-draft projects, but their relative importance and estimation procedures differ
somewhat, as discussed in the following paragraphs.
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b. Effect of fresh water. The nominal draft of seagoing ships usually represents the seawater
environment. When ships enter channels and ports in brackish or fresh water, ship draft increases due to the
lower water density. The draft increase between ocean and fresh water is 2.6 percent. In USACE practice,
amaximum depth allowance of 0.3 m (1 ft) may be included for this effect (Table V-5-6) (see Figure V-5-12).
This maximum allowance corresponds to the draft increase between ocean and fresh water for a vessel with
an 11.6-m (38-ft) draft. The freshwater effect is generally not considered in small craft navigation projects.

Table V-5-6
Depth Allowance for Freshwater Effect
Allowance
Port Location m (ft) Percent
Brackish water 0.15 (0.5) 1.3
Fresh water 0.3 (1.0) 2.6

c. Vessel motion from waves. Vessel vertical motion in response to waves must be considered in design
of channel depth at exposed locations (see Figure V-5-12). Entrance channel design depth is typically greater
than interior harbor channel depth because of the need to accommodate wave-induced vertical vessel mo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>